Clinical and radiographic sequelae to primary teeth affected by dental trauma: a 9-year retrospective study abstract: This retrospective study aimed at determining the predicted risks of clinical and radiographic complications in primary teeth following traumatic dental injuries, according to injury type, severity and child's age. Data were collected from records of children treated at a Dental Trauma Center in Brazil for nine years. Records of 576 children were included; clinical sequelae were assessed in 774 teeth, and radiographic sequelae, in 566 teeth. A total of 408 teeth (52.7%) had clinical sequelae and 185 teeth (32.7%), radiographic sequelae. The type of injury with the highest number of clinical sequelae was the crown-root fracture (86.4%). Clinical sequelae increased with injury severity (p < 0.001), whereas radiographic sequelae did not (0.236). The predicted risk of color change was 29.0% (95%CI 19-41) for teeth with enamel fracture, and 26.0% (95%CI 14-40) for teeth with enamel dentin fracture as well as enamel dentin pulp fracture. Risk of periapical radiolucency was higher for teeth with enameldentinpulp fracture (61.1% 95%CI 35-82) and those with subluxation (15.8% 95%CI 10-22). Risk of premature loss was 27.3% (95%CI 13-45) for teeth with extrusive luxation, and 10.2% (95%CI 5-17) for those with intrusive luxation. The assessment of predicted risks of sequelae showed that teeth with hard tissue trauma tended to present color change, periapical radiolucency and premature loss, whereas teeth with supporting tissue trauma showed color change, abnormal position, premature loss and periapical radiolucency as the most common sequelae. Knowledge about the predicted risks of complications may help clinicians establish appropriate treatment plans.
introduction
The maintenance of the primary dentition is important to ensure aesthetics and function, and also to guide the eruption of permanent teeth. Traumatic dental injuries may affect this balance, and are therefore recognized as an important oral health problem. 1 The study of dental trauma in the primary dentition has gained importance, owing to its high prevalence found in epidemiological studies, ranging from 9% to 62%, 2, 3, 4 and to its potential to generate sequelae in traumatized primary teeth, varying from a color change to the premature loss of a tooth. 5, 6, 7 Knowledge of post-injury sequelae allows establishing the best way to treat and prevent possible complications. 8 declaration of interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
The severity of the traumatic injuries is an important predictor of traumatized tooth prognosis. Moreover, treatment becomes more complex and a specialized staff for diagnosis and follow-up examinations may be required, depending on the degree of severity. 9 The more severe the injury, the more serious the consequences arising from it, including impairment of formation and development of the permanent teeth, and more extensive and costly treatments.
Therefore, the possible consequences of the different types of injury should be known to predict and prevent possible abnormalities. 10 A previous study showed that 24 .8% of injured teeth developed pulp necrosis and 35.9%, pulp obliteration 6 . Knowledge about the risk of developing complications may help clinicians determine the prognosis of traumatized primary teeth. An assessment of the predicted risks of complications for permanent teeth is available from the IADT.
11 However, to our knowledge, information on the predicted risks of complications according to trauma type is not available for primary teeth.
This retrospective study aimed at determining the predicted risks of clinical and radiographic complications in primary teeth, according to trauma type and injury severity, in children aged between 8 and 89 months, treated at a specialized center.
Methodology study settings and design
This longitudinal retrospective study collected data from the dental records and radiographs of patients with Traumatic Dental Injuries (TDI) who were treated by the Center for the Study and Treatment of Dental Trauma in the Primary Dentition (hereafter, NETRAD, the acronym in Portuguese), between May 2002 and July 2011. This service is connected to the Pediatric Dentistry Clinic of the Federal University of Pelotas, Brazil. The clinic provides access, treatment, and follow-up assistance for TDIs in the primary dentition. The protocol of attendance is based on the recommendations of the International Association of Dental Traumatology (IADT) Guidelines. 12 All children receiving this service are accompanied until the eruption of their permanent teeth.
data collection
According to NETRAD's protocol, parents or responsible caregivers initially answer questions in an interview regarding the child's medical history and dental trauma history. Then, a clinical and radiographic examination is conducted, according to the TDI type. 12, 13 One previously trained researcher (VPPC) collected the clinical information from the NETRAD records, including the child's age (in months), the type of injury and the presence of clinical sequelae of patients having completed at least two follow-ups. The researcher was also trained and calibrated to conduct radiographic analyses to determine the presence of radiographic sequelae. Radiographic evaluations were performed using an X-ray viewing box and a magnifying glass. The radiographs of all the appointments of the patients were assessed. The inclusion criteria were: records with complete documentation about the TDI that affected hard tissue or supporting tissue, with minimum follow-up of two dental appointments. Any incorrectly filled out dental records, poor-quality radiographic records, children with TDI only in soft tissues, diagnoses other than TDI, and children with less than two dental visits were excluded. When the same tooth had more than one dental trauma during follow-up, only the first injury was considered.
Clinical and radiographic sequelae were classified according to the following criteria. 5, 6, 14 The clinical sequelae were: 1 = color change (including yellow and grey discoloration); 2 = presence of fistula and/or swelling; 3 = abnormal position; 4 = premature loss of the tooth. The radiographic sequelae were: 1 = pathological root resorption; 2 = accelerated root resorption (as compared with the homologous non-injured teeth); 3 = pulp obliteration; 4 = periapical radiolucency, taking into account that no alterations were observed in the first examination. When more than one possible sequela was present in one tooth, all of the sequelae detected were recorded.
The type of TDI was classified according to Andreasen et al. 13 criteria. Injury severity was classified as mild, moderate and severe, according to Oikarinen and Kassila. 9 Mild injuries included subluxation, concussion, enamel fracture, and enamel-dentin fracture. Moderate injuries included lateral luxation, extrusion and enamel-dentin-pulp fracture. Severe injuries included avulsion, intrusion, crown-root fracture, and root fracture.
Calibration procedure
Intraexaminer variability was tested based on the kappa coefficient, using 80 periapical radiographs depicting different conditions. The results of the examiner were compared with a gold standard, in this case, a PhD in Radiology. The kappa value was 0.91, thus showing excellent agreement.
data analysis
The data were entered twice in an EpiInfo 6.04 database, and checked for consistency. Statistical analysis was performed using Stata 12.0 (Stata Corp. LP, College Station, USA). Data analysis included descriptive statistics, and the chi-squared and Fisher's exact test were used to determine associations of sequela versus injury severity. The level of significance was set at 5%.
ethical considerations
The study was approved by the local Human Research Ethics Committee (Protocol 187/2011). The parents or caregivers were asked to sign an informed consent agreement prior to initiating the clinical activities. Children received full dental treatment.
results
Of the 707 records of children who sought assistance during the period studied, 131 records were excluded. Reasons for exclusion are showed in Figure 1 . A total of 576 records from children with TDIs in the primary dentition were analyzed, including 342 boys (59.4%) and 234 girls (40.6%), aged between 8 and 89 months (mean age = 41.1 months). The records analyzed resulted in 898 injured teeth that were assessed for the presence of sequelae. Superior central incisors (77.8%) were the most affected teeth. Of the total, 774 teeth were assessed for clinical sequelae in 454 children, and 566 teeth, for radiographic sequelae in 339 children. Moreover, 124 teeth in 122 children were excluded due to lack of information on the clinical records or failure to attend the dental appointments, and 332 teeth in 237 children were excluded due to radiographs with technical errors or failure to seek radiograph follow-up. Table 1 shows the frequency of clinical and radiographic sequelae according to type of injury, severity of the trauma and age of the child. A total of 52.7% (408) of the teeth presented clinical sequelae, whereas radiographic sequelae were detected in of radiographic sequelae (41.5%). The presence of clinical sequelae increased with injury severity (p < 0.001). However, radiographic sequelae showed no association with degree of severity (0.236). Table 2 shows the predicted risks of complications after hard tissue injuries. The risk of presenting color change was 29.0% (95%CI 19-41) for teeth with enamel fracture, and 26.0% for teeth with enamel-dentin fracture (95%CI 14-40) as well as enamel-dentin-pulp fracture (95%CI 10-48). Teeth diagnosed with crown-root fracture had a risk of 81.8% (95%CI 59-94) of premature loss. Most teeth with complicated crown fractures developed periapical radiolucency (61.1%), requiring endodontic treatment. Table 3 shows the predicted risks of complications after support tissue injuries. Risk of premature tooth loss was 27.3% (95%CI 13-45) for teeth with extrusive luxation, a result higher than the 10.2% risk of loss as a consequence of intrusive luxation (95%CI 5-17) and the 9.2% risk of lateral luxation (95%CI 4-16). Accelerated root resorption was perceived in 10.3% (95%CI 3-21) of the teeth with concussion, and periapical radiolucency, 
discussion
Half of the teeth examined had clinical sequelae, and about one third, radiographic sequelae; moreover, severe injuries had the highest occurrence of sequelae.
Children aged between 37 and 42 months presented a higher frequency of clinical sequelae, followed by children aged 25 to 36 months, whereas children aged between 43 and 60 months had a higher frequency of radiographic sequelae, followed by children aged 25 to 36 months. Another study, conducted with the same population found that the radicular maturity level of the primary teeth at the time of injury was associated with the sequelae presented. 15 This is probably because the teeth of very young children are benefitted by better a vascular supply and greater resilience of the alveolar bone. Nevertheless, physiological resorption in older children can lead to gradual degeneration of the pulp tissue, and consequent vulnerability, even to slight injuries. 6 Color change was a common clinical sequelae detected. Color can be yellowish in cases that indicate pulpal obliteration, or else darkened, suggesting necrotic pulp. However, a darkened tooth should be diagnosed as necrotic only when associated with abscess, swelling, and pathological periapical lesion resorption. 16, 17, 18 Cardoso, and Rocha 19 showed that among the teeth diagnosed with pulp necrosis and discoloration, 66.7% were grayish and 22.2% were yellowed. Discoloration is an important but not decisive factor in the diagnosis of pulp necrosis in traumatized primary teeth. When the traumatized tooth exhibits discoloration, the follow-up should have shorter intervals between appointments, especially during the first year after the trauma 20 . Furthermore, the approach of early intervention by endodontic treatment, when the root is radiographically intact in a tooth with dark discoloration, does not guarantee better long-term outcomes, compared with the non-interventionist approach. 21 Teeth with crown-root fracture and avulsion presented higher frequency of premature loss.
Premature loss due to trauma can be the outcome of an avulsion, extraction after injury because of poor prognosis, 22 late complications of the injury, or early exfoliation because of accelerated resorption of the root. 20 The premature loss of primary incisors can affect aesthetics, quality of life, eating, speech development, arch integrity, development and eruption of the permanent successors, and development of oral habits. 23 In the present study, premature loss was present in 79.3% of the cases of avulsion, since the teeth were replanted in 7 cases. It is worth mentioning that, as corroborated by other studies, dental trauma guides do not recommend the replantation of deciduous teeth, 12, 24, 25 based on the risk of damaging the succeeding permanent tooth germen, because of the pressure exerted to push the coagulum against the follicle, or the risk of contaminating the alveolus, thus causing additional infections and/or inflammations. The lack of cooperation of a child during the treatment, and the risk of ankylosis, also constitute contraindications for the replantation of primary teeth. 26 Moreover, a common consequence of replantation is pulp necrosis. Regarding inflammatory root resorption, it may be avoided or treated using endodontic procedures, that is, by removing the necrosis in the pulp tissue, which is the inflammatory reaction agent. 27 Replantation was performed in the dental trauma center when conditions were favorable, such as little time elapsing from the time of injury to receiving first dental care, storage in a moist environment, collaborative behavior of the child and presence of adjacent teeth that enabled containment. The reasons for temporarily retaining the primary anterior teeth until the permanent teeth erupt are related to speech development, physiological aspects of chewing, and psychological effects on the child 27 . Successful results after this procedure have been demonstrated. 22, 27, 28 However, it should be noted that of the 7 replanted teeth, one had accelerated root resorption and 4 presented periapical radiolucency.
Periapical radiolucency was the most common radiographic sequela, connected to the fact that pulp necrosis is the most frequent post-traumatic consequence of deciduous teeth. 29 More than half of the teeth with enamel-dentin-pulp fracture presented this sequela. A similar proportion was found previously, 7 probably due to the risk of bacterial infection in the exposed area. In this study, even teeth with mild injuries presented a frequency of periapical radiolucency that was as high as teeth with severe injuries, especially those teeth with subluxation and enamel-dentine fracture. Injuries that promote the displacement of the tooth tend to exhibit necrosis, accompanied by periapical radiolucency, because of the irreversible traumas of the vascular supply and periodontal ligament. 6, 7, 8, 9, 10, 30 Necrotic pulp is an excellent growth culture for microorganisms, which may gain entry to the pulp after an additional injury, through a ruptured periodontal ligament (i.e. intrusive luxation), enamel-dentin cracks (i.e., enamel-dentin fracture, and more serious enamel, dentin and pulp fracture) or from the blood stream, by anachoresis. When the pulp becomes infected, invasion of bacterial products through the dentinal tubules sustains rapidly progressing inflammatory root resorption. 17 Therefore, special care should be taken to obtain radiographs, perform the radiographic angulation correctly to allow as accurate as possible diagnosis, and conduct comparisons during follow-up. It is worth mentioning that no periapical radiolucency was present in the first exam of the child at the clinic. Thus, it is unlikely that the periapical radiolucency was really associated with other dental injuries that occurred before. However, some injuries admittedly go unnoticed by parents, 31 and the children could have had other dental injuries during the clinical follow-up.
Avulsed teeth that were replanted and teeth with extrusive luxation, concussion or root fracture presented a 10% higher risk of accelerated root resorption. Accelerated resorption is not considered pathological, because no intervention is needed, but represents a disturbance in physiologic root resorption, as compared with homologous teeth. 6 Teeth with subluxation, enamel fracture and lateral luxation presented a considerable risk of pulp obliteration. Obliteration may be the result of damage to the neurovascular supply. When revascularization is successful after the damage, it can induce pulp canal obliteration. 12 In most cases teeth with obliteration do not present pulp complications. However, professionals must be aware that pulp necrosis may occur even in teeth with pulp obliteration. 4 This study was conducted with data from a reference center, which allowed a large sample to be accompanied. A limitation is that some children were lost because they did not attend follow-up visits and because of low quality radiographs. An explanation is that radiographic examination may be difficulty to perform in very young children. However, this exam is of outmost importance in complementing the dental trauma visit, and cannot be underestimated, since many sequelae are diagnosed or confirmed only by a radiograph. 12 The present study was the first to assess predicted risks of complications following dental trauma in the primary dentition. It was conducted in a dental trauma treatment center, following evidence-based treatment. The database included 774 teeth in 454 patients.
Findings of the present study may help clinicians determine the risk of possible sequelae, considering the age of the children and the type of injury. This knowledge is important to determine the treatment plan and to better guide parents to recognize the importance of a long-term follow-up, regardless of injury severity.
Conclusions
The presence of clinical sequelae increased with injury severity, whereas the frequency of radiographic sequelae did not show association with degree of severity. The predicted risks of sequelae showed that hard tissue trauma tended to present color change, periapical radiolucency and premature loss as the most common sequelae, whereas color change, abnormal position, premature loss and periapical radiolucency were the most common sequelae for supporting tissue trauma.
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